An analysis of slope stability using Geographic Information System (GIS) is presented in this paper. The methodology is based on the calculation of the safety factor in 2D and 3D using ArcGis. Hovland's Method in 3D and 2D were used in the stability analysis of the slope located at the 34 kilometer point (K.P.34) on the highway in the North of Morocco connecting Tangier to Ksar Sghir. Results shows that the safety factors obtained in 3D are always higher than those obtained in 2D and the slope becomes unstable when the water table level is less than 1 m.
INTRODUCTION
Slope stability problems are frequently encountered in the construction of roads, canals, dikes and dams. Moreover, some natural slopes are or may become unstable. Slope failure can be catastrophic and cause loss of life and considerable damage. The study of a slope includes, besides the recognition of the site and the choice of the mechanical characteristics of the soil, a stability calculation to determine firstly failure curve along which the slip risk is highest, secondly the corresponding value of the safety factor. Slope stability analysis is applied by two-dimensional 2D and three-dimensional 3D analyses. In slope stability analysis, it is clear that a three-dimensional 3D situation may become important in cases where the geometry of the slope and slip surface varies significantly in the lateral direction, the material properties are highly anisotropic, or the slope is locally loaded (Chang, 2002) There are several methods of slope stability analysis in 2D and 3D: Limit equilibrium methods (LEM) and Finite Element Methods (FEM). Limit equilibrium methods have been the primary method used in estimating the stability of slope for decades. The procedures are based on finding a safety factor (SF) for the slope. It is useful for example to know exactly what percentage the 3D safety factor is higher than the 2D analysis. 3D Limit equilibrium methods for slope stability analysis are traditionally based on an extension of 2D Limit equilibrium methods analysis. The slicing method in 2D analyses has been extended into 3D analysis with columns by various authors due to the popularity of 2D LEM slicing methods. Many 3D analysis methods of slope stability problems have been proposed. (Hovland, 1977; Chen and Chameau, 1982; Gens et al.1988; Lam and Fredlund, 1993; Huang et al. 2002 and zheng 2012.) * Corresponding author A geographical information system (GIS) is a relatively new software tool for geotechnical engineers (Carraea et al.1995) , it become an important tool for landslide susceptibility mapping because it provides various functions of capturing, inputting, manipulating, visualizing, combining, querying, analyzing, modeling, and outputting of the geospatial data. At the same time, using GIS can easily and effectively analyze the problem of 3D slope stability if a GIS based geotechnical analysis model can be used. Some researchers have integrated GIS in the analysis of slope stability (Van Westen, 1995 and Dai et al. 2001) . This paper presents a methodology based on the calculation of the safety factor in 2D and 3D using the Arcgis 9.3.
DATA AND METHODOLOGY

Data
The studied slope is located at the 34 kilometer point (K.P.34) on the highway in the North of Morocco connecting Tangier to Ksar Sghir (figure 1). 
Methodology
There are various methods of 2D stability analysis available in practice . Hovland (1977) proposed a new approach for the 3D slope stability analysis. Hovland's method is an extension of the assumptions used in the two-dimensional ordinary method of slice, but columns were used instead of slices. Hovland's method neglects all the inter-column forces acting on the sides of the columns. The shear and normal forces acting on the base of each column are derived as components of the weight of the column. For Hovland's three-dimensional method, the safety factor is acquired by dividing the soil mass above the failure surface into a number of equal sized vertical soil columns assuming the x and y-coordinates are perpendicular and in the horizontal plane. The z coordinate is vertical (elevation) and the y-coordinate is to be set to the direction of the down slope movement of the failure block. The area of the soil column within the xy plan is defined by ΔX and ΔY. By assuming both the ΔX and ΔY values are constant for all columns. Hovland defines the three-dimensional safety factor as the ratio of total available resistance along the failure surface over the total mobilized stress along it the three dimensional safety factor for Hovland's method is as follows:
In which α xz and α yz are Dip angles in their respective planes(figure 3), where: Hovland's formula (1) can explained below by:
For α xz = 0, the safety factor in 2D can be expressed by
Where = 2 Raster Calculator tool of ArcGIS 9.3 that is a part of the Spatial Analyst function was used to calculate the 3D and 2D safety factors for each pixel using Hovland method.
RESULTS AND DISCUSSION
The piezometric measurements revealed that the water table level varies from 0.5m to 4m. In the case of high water tables,(Hw=0,5m and Hw= 1m), the safety factors in 2D and 3D are less than 1 ,which Also the lower values of the Safety factors are those obtained from the middle section. This is probably due to geotechnical soil characteristics or variation in topography and water table level, which indicates that this section is the most critical.
CONCLUSION
GIS is used in this study for slope stability analysis. ArcGis 9.3 is used to apply the Hovland formula both in 2D and 3D to calculate the safety factors. In overall, results indicate that the safety factors in 3D are always higher than those in 2D. Also this study demonstrates that GIS can be used effectively for 3D and 2D slope stability analysis.
